The three common isoforms of human apolipoprotein E (apo E) differ at positions 112 and 158 and are named E3, E4, and E2 according to phenotypingby isoelectric focusing (IEF). The potymerase chain reaction (PCR) method allows the detection of common and several rare allelicapo E variants not detected by IEF. We propose a genotyping procedurefor apo E that characterizesa given allele on the basis of amplification of specific sequences of the gene followed by the action of restrictionendonucleases. When the nucleotide change does not lead to a restriction site, 
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Apolipoprotein E (apo E) plays a major physiological role in the metabolism of chylomicrons and very-lowdensity lipoprotein remnants, which are rapidly removed from the circulation by a receptor-mediated endocytosis in the liver (1 ) 6 Apo E serves as a ligand for the low-density lipoprotein receptor uptake-also referred to as apo BIE receptor (2)-and mediates the binding of chylomicron remnants to a second type of receptor, possibly a hepatic receptor, called the chylomicron remnant receptor or apo E receptor (3, 4). The transport of cholesterol from peripheral tissues to the liver (reverse cholesterol transport) may be permitted via the binding of ape E-containing high-density lipoprotein particles to hepatic ape E receptors.
The human ape E gene is located on chromosome 19 and spans 3.7 kilobases, including four exons (5). The nucleotide sequence and the structure of the human ape B gene are completely determined (6) . The mature ape E molecule, containing 299 amino acid residues, is ob- 
hyperlipoproteinemias.
The classification of the common isoforms of ape E is based on the global charge of the protein. The reference is E3 (0 charge). E4 and E2 present one more (+1) and one less (-1) positive charge, respectively.
Classically, ape E phenotyping is based on the charge differences and separation of common isoforms by isoelectric focusing (IEF) (21), often with neuraminidase (9) or cysteinamine (11) treatment to prevent charge alterations secondary to the presence of variable amounts of sialic acid.
The application of molecular biology techniques allows ape E genotyping, since it is now possible to determine the allelie variation at the genomic level as easily as charge differences at the protein level. In this report, we present a strategy for ape E genotyping that allows the differentiation of common and rare alleles ( Table 1) according to specific restriction profiles on PCR-aniplifled DNA, using normal and degenerate primers. The procedure was applied to the detection of the three common isoforms and of the rare Weisgraber [Cys11/Asp127/Cys1]
and
The procedure also permitted the identification of a new rare ape E [Cys112/Leu142/Cys1] associated with a type II! hyperlipoproteinemia.
Materials and Methods

Subjects
and blood samples. We obtained venous blood samples collected into EDTA anticoagulant from adult patients treated for hyperlipidemia at Jean Verdier Hospital (Bobigny, France) or at La Piti#{233}-Salpdtri#{232}re Hospital (Paris, France). These studies were performed in accordance with the Helsinki Declaration of 1975, as revised in 1983. Leukocyte DNA was extracted from 10 mL of anticoagulated whole blood (27) and stored at -20#{176}C. The methodwas also applied to -50 j.iL of whole blood spotted on Whatman filter paper. After drying, the spet was fixed with methanol and stored at room temperature.
A disc 5 mm in diameter was punched out and mixed with 100 1L of deionized sterile water and placed in a boiling water bath for 30 min to lyse the cells. We used 20 L of this mixture as a DNA source for amplification.
PCR amplification
of apo E gene. Two specific sequences of exon 4 were designated on the basis of the known nucleotide sequence of the ape E gene (6 (Fig. 1) (Fig. 3B) . With ASO, we obtained an incomplete result (E2E2) in the presence of a rare Weisgraber allele, demonstrated after TaqI digestion of PCR1 that generated 153-and 139-bp fragments (Fig. 3A) profile with the PCR-RE method (Fig. 3C) , indicating a new rare ape E variant identified afterward as a new rare allele [Cys112J u1/Cys1], here associated with E2 allele (unpublished results).
